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(54) Vaporizing heavy hydrocarbon 
feedstocks without coking 

(67) A method for a vaporizing heavy 
hydrocarbon which avoids the 
formation of coke in the feed heaters 
and is useful In a process for upgrading 
and/or converting the heavy 
hydrocarbon to lighter products. Heavy 
hydrocarbon feedstock (10) Is heated 
(12) to a temperature below its coking 
point, then mixed (at 20) with hydrogen 
(1 6) heated (at 1 8) to a temperature 
sufficient so that the hydrocarbon 
feedstock Is vaporized without forming 
coke. Alternatively, the heavy 
hydrocarbon feedstock can be 
fractionated to provide a light IBP-650T 
(288X) liquid fraction, and a heavy 
550-850°P (288 - 464*C) liquid fraction. 
The light fraction is mixed with 
hydrogen and heated to a temperature 
sufficiently high, so that upon being 
mixed with the heavy liquid fraction the 
latter Is heated through Its dry point and 
vaporized without coking. The resulting 
vaporized hydrocarbon Is usually 
further healed before being fed to a 
reaction step, such as 
hydrodealkylation. 
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SPECIFICATION 

Vaporizing h*avy hydrocarbon feedstocks wrthout coking 



6 Thl. Invention relates to the heating and vaporizin B of heavy hYdrocarbonf^dstocIc materials ^More par- 6 
ticularty, it relate, to a method for providing a vaporized heavy hydrocarbon feedstock which -void, the 
formation of coke in the feed heaters useful In a process for upgrading and/or converting the heavy hy- 
drocarbon to lighter products, such as in a thermal hydrodealkylation process. 
One barrier to successful hydrodealkviatlon of heavy hydrocarbon aromatic materials such as "team 

10 cracTerteMo 'prepuce mono-ring product m^h I. v.porii^ <rf the liquid ph.^ m.^^ 10 
^producing excessive coke formation during the preheating step. It has generally been found that such 
hMvThyon^rbon liquids when preheated to above 660T (2WC) are susceptibly to coking. To over- 
SlMs problem of undesired coke formation during preheating and 

bed feedstock material, to thermal or catalytic reaction processes, it ha. been four^pos. ^. tojrmfta 

IB use of superheated hydrogen and/or hydrocarbon vapour, mixed with th. heavy hydrocarbon feed to 
r^ld%3^d var^rire me heavy hydrocarbon liquids to provide a vapor phase material whhout cok- 
™go tMhelvy hydrocarbon feed material. Although it i. known in Industry to use preheated hydrogen 
mb^wto£ed liquid, up-tre-m of a reaction step, such heated hydrogen h.s apparently not been pre- 
vS used IT vaporize hydrccarbon heavy feedstock materials which contain constituent, which are 

20 prone to coking in a conventional tubular fired heater preheating step . . . ^ , d 

This Invention provides a method for providing a vaporized heavy hydrocarbon '^s^ w^ avoids 
the formation of coke In the feed heater, useful in a process for upgrade and/or ^nverfng 
hydrocarbon to lighter product., such as In a thermal hydrodealkylation process. The "^f^™ 8 * 
hert^aheavy hydrocarbon feedstock to a temperature below Its coking tempore. h^riQhydrogen 

25 to ftempertZ, sufficiently above the temperature of the h^ted r^rbon ^^^^ 
together^ heavy hydrocarbon feed material i. completely vaporized wrthout forrnlng anir «*e. 

?n a second embodiment of the invention, a heavy hydrocarbon feedstock Is first fractionated nto a 
lighter fraction normally boiling below 650*F (288X) and a heirvier fraction having a normal boiMng range 
of K0^OOT(228 to 454-C) The heavier hydrocarbon fraction is heated to a temperature below .ts 

30 coSr^nr-nd^a "ghter fraction and hydrogen are heated separately to , a temperature ****** 
2 £ n of the lighter fraction and sufficiently above the temperature of the heated heav^ydrocar- 
Sn freSon to provW. . heat content sufficient th* upon being mixed with the heavy hydrocarbon frac- 
tion, the latter is vaporized without forming any coke. 
U ing thl. invention, the temperature of the mixing chamber wall can ^ ™'"J^ « ' 

36 lower tmeperature than would be required for the wall temperature of a tubular type fired preheater for 

V 0 ^Znl^^onz ing heavy hydrocarbon feedstock, is useful at a pre^re rang, of 60-5000 
ps£ SSTtar gauge P ,. The vapored material stream can then be fed to a further reaction step such as 
hydrodealkylation to produce hydrodealkyiated products. . of 40 

40 In the present invention for vaporizing heavy hydrocarbon feedstocks so as to avo.d f °™ 8, °"°™' 40 
hydrogen Is heated to a temperature sufficient that upon mixingwith *»^^ d ™^ a ^*^ 
will effectively heat same through their dry point and vaporize the heavy feedstock 
neatedTydrogen is mixed with the heavy feedstock In a .uhable mixing .top ^"«^ t ^'^ n 
The temperature of the heated hydrogen Is much higher than the temperature of the heavy hydrocarbon 

to vaporize the heavy liquid feedstock, which normally boil, above BKTF (288°C) and P^rablv 'has 
bomr^raSi. of 550%^ (288-343-C). Because of the rapid heat transfer which occurs 
mixed creams In the mixing step, this heating method avoid. 

hydrocarbon feedstock and minimizes the time required to vaporize the heavy feed material and avoids 

50 ""T^d embSlment of the invention, the hydrogen can be premixed with a iight hydroca^on 
fra^ion living a normal boiling range of 400-650^ (204-34JC) and heated together to , a 
below the coking point of the light hydrocarbon fraction and sufficient that upon mixing w th the heavy 
hydrocarbon feedstock fraction, will rapidly heat same through its dry point and complete,, vaponze the 

55 heavy hydrocarbon feedstock wrthout coking of the heavy hydrocarbon feedstock material. 

This invention can be used for vaporizing any heavy hydrocarbon feed matenal for whlcha vapour 
phase reaction i. required, such as for vaporizing heavy gas oil. and 

troleum. and coal-derivad liquids, prior to feeding the vaporized hydrocarbon material to . ^^reac 
tion rtep such a. thermal hydrocracklng or hydrodealkyl-tion to produce ^^"'Matlonprodtrtj. 
60 Useful pressure range, for the Invention are 50-5000 psig (3.4-345 bar gauge) and preferably 200-1000 
paig (13.8-69 bar gauge). 

Reference Is now mede to the accompanying drawings, in which: , r ^ rH . 
Figure 1 is a flow diagram illustrating a method for vaporizing a heavy hydrocarbon feedstock accord- 
Ing to the present Invention; and . 65 

65 Figure 2 is a flow diagram of a second embodiment of the method illustrated in Figure 1. 
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As shown In the Figure 1 drawing, a heavy hydrocarbon feedstock material such as heavy gas > 8 
provided at 10, pressurized at 1 1 to at least about 200 pslg (13.8 bar gauge) and heated In furnace 1 2 to a 
temperature such as about 660°F (293*C), which will not produce coke deposits Inside the tubes 13 of the 
furnace. The heated feedstock stream at 14 Is passed to a mixing step at 20. Also, hydrogen gas Is pro- 
6 vided at 16 and heated in furnace 18 to a temperature well above temperature of the mixing step 20 and 5 
also passed via line 19 to the mixing step. 

Mixing step 20 may comprises any suitable known mixing device which provides complete mixing at 
relatively high velocities, such as a length of pipe, nozzle or venturi, with the heavy oil stream 14 prefera- 
bly being Introduced Into the throat section of a venturi. The heat content provided in hydrogen stream 

10 19 is sufficient to completely vaporize the heavy hydrocarbon feed stream 14, and thus avoids heating 10 
the hydrocarbon feedstock through Its dry point by contact with a hot metal wall maintained at higher 
temperature and thereby prevents any coking of the heavy feed material during such heating. 

The resulting vaporized material at 21 Is further heated In heater 22 to about 1250°F (677*C) and passed 
to a further reaction step 24, such as for a hydrodealkyiation process, to produce a product 26. 

15 In an alternative embodiment of the Invention, as shown In Figure 2, a heavy feedstock material such 15 
as steam cracker tar is provided at 30 and fed Into fractionation tower 32, which is usually maintained at 
operating conditions of about 20O-300T (93-1 49°C) temperature and 1-6 psia (0.069-0.345 bar absolute) 
pressure. From tower 32, a vapor stream can ba withdrawn at 33, a light liquid stream boiling up to 
about 550°F (288°C) is withdrawn at 34, a heavy liquid stream having a boiling range of 550-850*F (288- 

20 454*C) is withdrawn at 36, and a heavier bottoms material boiling above about 850*F (454°C) is with- 20 
drawn at 38. 

The light liquid stream 34 Is pressurized at 36 to at least about 200 pslg (13.8 bar gauge), hydrogen is 
added at 40 and heated at 41, and the resulting mixture is heated in heater 42 to a temperature above 
about 950*F (510*C) and passed as stream 43 to mixing step 44, which can advantageously comprise a 

25 venturi mixing device having a reduced pressure and Increased flow velocity at its throat section. The 25 
heavy boiling liquid stream 36 is pressurized at 37 to at least about 200 psig (13.8 bar gauge), heated at 
46 to a temperature sufficiently low to avoid coking in the tubes of heater 46, such as about 650°F 
(288*C), and also passed to the throat section of the venturi mixing step 44. The heat provided in stream 
43 is sufficient to vaporize liquid stream 47, so that the resulting mixed stream which emerges at 45 from 

30 mixer 44 is completely vaporized. This vapor stream 45 Is then passed through heater 48 for further heat- 30 
Ing such as to 1 200-1 250°F (649-677°C) temperature before passing to further reaction step 50, which may 
preferably be a hydrodealkyiation step. If the feedstock at 30 is a potynudear aromatic or polyalkylated 
phenol material, the light liquid stream at 34 can contain mainly alkylated naphthalene material, which is 
heated with hydrogen at 42 to a temperature sufficient so that upon being mixed with the heated heavy 

35 stream 47, which can be mainly alkylated phenanthrenes, the latter is completely vaporized. The resulting 35 
vaporized material Is then fed to a hydrodealkyiation reaction process step at 50 to produce product at 
52. 

This invention will be further described by reference to the following Examples, which should not be 
construed as limiting the scope. 
40 40 
Example 1 

To show the method and utility of the present Invention, a heavy hydrocarbon feed material such as 
gas oil normally boiling above about 600°F (316*C) temperature Is pressurized to about 650 psia (45 bar 
gauge) pressure end heated to a temperature of at least 600°F (316°C) but below which any coking of the 

45 feed occurs. The heated feed material is then vaporized by being mixed with a hydrogen stream heated 46 
to a temperature sufficiently above the mixing temperature to have a heat content sufficient that, upon 
being mixed with the heavy liquid feed, will completely vaporize the feed with coking. The molar flow 
ratio of hydrogen to feed liquid Is about 13, and the hydrogen stream contains 90% hydrogen and 10% 
methane. Results of the heating and mixing steps for various hydrocarbon feed stock fractions are shown 

50 In Table 1. 50 

TABLE 1 

Vaporuing hydrocarbon feedstock by mixing with heated hydrogen 
55 55 
Liquid Feedstock Liquid Feed Hi Mixing 

Avg. BP, fTC) Temp, °F{*C) : Temp, °?{°Z) Temp. *FfC) 

60 60 
600 (316) 600 (316) 1000 (538I 690 (366) 

650(343) 600(316) 1125(607) 735(391) 

65 700(371) 650(343) 1250 (677) 803(428) 65 
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It Is seen that the heavy hydrocarbon feed material* having averse boiling points between 60C M3HTC) 
and 700? (371^CUan b7heaU,d and completed vaporized without coking by being mixed with a hydroge 
MrearnVeaS to . higher temperature but not exceeding 125CTF (67TC) to provide a hydrocarbon vapor 



material 
Example 2 



^Ahww hydrocarbon feed material auch a, steam cracker tar I. fractionated Into at least alight fraction 
haiiJ Z rKSSig range of 30C-550-F (149-WTC) and a heavy fraction ^"^'^^ * 
KRoVfrf r288^54*C) The heavy hydrocarbon fraction Is heated to a temperature below its coking point 
,« SSSi ftoTnSc |S£t*. l£ht fraction stream is mixed with heated hydrogen and the reciting 
10 «reamTJeMedr. Mature higher than that of the heavy fraction and such « to provWe aheet 
content sufficient that, upon mixing the two prehated hydrocarbon Z^Z^T^ZT^Z> ^ 
bon stream i. completely vaporized without any """O,^" 1 *^^^ ' S,™Sr2rbw 
iou. hydrocarbon feedstocks at 660 p«i (45 bar) using 13 molea hydrogen 1 mole light hydrocarbon 
16 fraction and 1 moie heavy hydrocarbon fraction feed are shown in Table z. 



TABLE 2 



Vaporizing heavy hydrocarbon fraction by mixing with heated hydrogen and light hydrocarbon fraction 



20 



25 



30 



Liquid Feedstock 
Avg. BP, T rC) 


Heavy Liquid 
Feed Temp, 
•FCC) 


Light Liquid 
and H2 
Temp, 
•FCC) 


Mixing * 
Temp, *F (*C) 


600(316) 


600 (316) 


1000 (638) 


830 (443) 


650(343) 


600 (316) 


1000(538) 


825 (441) 


700 (371) 


600 (316) 


1000 (538) 


820 (438) 



10 



16 



20 



25 



30 



35 



* Temperatures are ± 30°F. 

hydrocarbon vapor material. 40 



CLAIMS 



* «~-«~' to • tomparatura of at Iwst 5WFF U60"C) but below Its «* 



^ °k^S F aSto ciaim 1 or 2, wherein said hydrogen is heated to a temperature of 1000- 
^AmlSccording to any of claim, 1 to 3. wherein the heavy hydrocarbon feedstock is steam 
^^^£d^J^.r- c-aims 1 to 3. wherein the heavy hydrocarbon feedstock I. a coa, 

rial and hydrogen are further heated to a temperature above the vaponzation temperature of said neavy 
« ^2S,JSSln» to daim 7, wherein said heated mixture of vaporized hydrocarbon materia, 
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and hydrogen Is fed into a hydrodealkylation reaction step to produce a hydrodealkylated product 

9. A method for providing a vaporized heavy hydrocarbon feedstock which avoids the formation of 
coke In the feed heaters and Is useful In a process for upgrading and/or converting said heavy hydrocar- 
don, said method comprising: 

E (a) fractionating a heavy hydrocarbon feedstock into a light fraction having a normal boiling tempera- g 
ture below 550°F (288°C) and a heavy fraction having a normal boiling temperature range of 550 to 8S0*F 
(28B-464-C); 

(b) heating said heavy hydrocracking fraction to a temperature of at least 500*F (280*C) but below ha 
coking point; 

10 (c) heating hydrogen and said light hydrocarbon fraction to a temperature sufficiently above the tern- 10 
perature of said heated heavy hydrocarbon fraction to avoid coking the light hydrocarbon fraction and 
provide a heat content sufficient to vaporize said heavy hydrocarbon fraction; and 

(d) mbdng said heated heavy hydrocarbon fraction together with said hydrogen and light hydrocarbon 
fraction to vaporize the heavy hydrocarbon fraction and provide a hydrocarbon vapour material without 

16 forming coke. IS 

10. A method according to claim 9, wherein said heavy hydrocarbon fraction is heated to a tempera- 
ture of 560-6EO-F (288-343*C). 

11. A method according to claim 9 or 10, wherein said hydrogen and light hydrocarbon fraction are 
heated together to a temperature of 1 000-1 250"F (538-677*0. 

20 12. A method according to any of claims 9 to 1 1, wherein said fractionation step occurs at vacuum 20 
pressure. 

13. A method according to any of claims 9 to 12, wherein the heavy hydrocarbon feedstock is steam 
cracker tar derived from petroleum. 

14. A method according to any of claims 9 to 12, wherein the heavy hydrocarbon feedstock Is a coal- 

25 derived liquid. 25 

15. A method according to any of daims 9 to 14, wherein said mixed and vaporized hydrocarbon 
fractions and hydrogen are further heated to a temperature above the vaporization temperature of said 
heavy hydrocarbon feedstock. 

16. A method according to claim 15, wherein said heated mixture of vaporized hydrocarbon feedstock 

30 and hydrogen is fed into a hydrodealkylation reaction step to produce a hydrodealkylated product 30 

17. A method according to claim 1, substantially as hereinbefore described with reference to Hgure 1 
and/or Example 1. 

18. A method according to claim 9, substantially as hereinbefore described with reference to Rgure 2 
and/or Example 2. 

35 19. Hydrocarbon products produced by a method according to any of claims 1 to 18. 35 
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